Objective: Diabetes mellitus and obesity are well-known risk factors associated with obstructive sleep apnea (OSA). Cushing's syndrome (CS) is also characterized by obesity and diabetes mellitus. However, the association between CS and OSA remains unclear. Therefore, we investigated the possible associations between CS and OSA in this study. Patients and methods: Thirty female patients with newly diagnosed active CS and 30 age-, gender-and body mass index (BMI)-matched controls were included in this study. All participants were evaluated by overnight polysomnography. OSA was defined as having an apnea-hypopnea index (AHI) score of ≥5 events/h. Insulin resistance was calculated by homeostasis model assessment (HOMA) scores. Fasting serum cortisol was also determined. Results: The prevalence of OSA was higher (50% vs 23%, P = 0.003) in patients with CS compared with the control subjects. The mean HOMA (P = 0.046) and AHI (P = 0.028) scores were higher in patients with CS compared with the control subjects. AHI was positively correlated with the HOMA scores (r = 0.281, P = 0.046) in both groups. Linear regression analysis showed that serum cortisol remained as an independent predictor for AHI after controlling for BMI and HOMA score (P < 0.001).
Introduction
Obstructive sleep apnea (OSA) is a common chronic condition characterized by episodes of upper airway obstruction during sleep. It affects about 7% of the general population, with certain subgroups being at a higher risk (1) . Apart from its well-known potential consequences, including excessive daytime sleepiness, neurocognitive deterioration and decreased quality of life, its endocrinologic and metabolic effects are becoming more recognized (2) . A number of epidemiological studies have shown that OSA is associated with a constellation of cardiovascular risk factors including central obesity, insulin resistance, impaired glucose tolerance, dyslipidemia and hypertension (3, 4, 5, 6 ). Cushing's syndrome (CS) is also characterized by the same comorbidities (7) . As with OSA, a strong association between CS and metabolic syndrome constellations has been well known for a long time (8) . However, data regarding the association between CS and OSA are scarce. Thus, there is a need to evaluate this relationship in CS, specifically in those patients in whom OSA may be underdiagnosed and undertreated.
An overnight polysomnography (PSG) is the standard diagnostic test for OSA (9) . In this study, we aimed to investigate the possible relationships between CS and OSA. We evaluated active CS patients and compared them with age-, gender-and body mass index (BMI)-matched controls by PSG.
Subjects and methods
This study included 30 consecutive newly diagnosed and untreated female patients with CS at the Endocrinology Clinic of Ondokuz Mayıs University Faculty of Medicine between January 2014 and August 2015. The control group consisted of 30 age-and BMI-matched female subjects. All patients had active clinical features consistent with Cushing's syndrome for the duration of 14.2 (±5) months.
Control subjects were not known to have diabetes mellitus prior to the study. Five of the patients with CS had diabetes mellitus, three of whom were on oral antidiabetic medication and the other two were on diet alone. Four patients with CS and six of the controls had hypertension and had been using antihypertensive medications including angiotensin-converting enzyme inhibitors, angiotensin receptor blockers or calcium channel blockers. A low-dose dexamethasone test was done to exclude CS from the controls. We excluded all other participants with medical conditions, including alcoholism, depression, smoking and any other drug use (especially glucocorticoids). Fasting blood samples were taken between 07:00 and 09:00 h for serum cortisol, glucose and insulin measurements.
Abnormal fasting glucose values were determined if a patient met the American Diabetes Association guidelines (fasting glucose ≥100 mg/dL) (10) . BMI of the subjects were recorded, and insulin resistance was calculated by homeostatic model assessment (HOMA) scores (11) .
CS was diagnosed according to the following criteria (12) : an absent cortisol suppression after a low-dose dexamethasone test (>1.8 µg/dL), a lack of a cortisol circadian rhythm (midnight cortisol >7.5 µg/dL) and a high 24-h urinary-free cortisol (UFC). The diagnosis of adrenocorticotropic hormone (ACTH)-dependent hypercortisolism was defined as the presence of normal or high plasma ACTH levels, cortisol suppression after a highdose dexamethasone test and pituitary adenoma on MRI. This diagnosis was confirmed by bilateral inferior petrosal sinus sampling when necessary. ACTH-independent CS was based on low plasma ACTH levels and the presence of an adrenal lesion on CT or MRI (13) .
The standard all-night PSG was performed in all patients in the study. The Embla 54500 (UK) was used in the polysomnographic investigation. The PSG included eight electroencephalogram channels, electrooculogram, electrocardiogram, electromyograms of the submentalis and bilateral anterior tibialis muscles, position sensors, pulse oximetry, thermistor, nasal airflow measures and thoracic and abdominal respiratory effort sensors. Apnea and hypopnea were defined according to the American Academy of Sleep Medicine (AASM) manual scoring criteria. The apnea-hypopnea index (AHI) was calculated as the number of apnea plus hypopnea events divided by the number of hours of sleep. The severity of OSA was graded according to AASM criteria as mild (5 ≤ AHI < 15), moderate (≤15 AHI < 30) and severe (AHI ≥ 30) (9).
This study was approved by the Ethics Committee of Ondokuz Mayıs University Faculty of Medicine. All participants in the study were informed about the study, and a written consent form was read and signed by all patients.
Statistical analysis
Data analyses were performed using SPSS for Windows 17.0 (Statistical Package for the Social Science, SPSS). The mean differences in continuous data were measured by the t-test and the median differences of categorical data were measured by Mann-Whitney U and Fisher's exact tests. Two-tailed P values of <0.05 were considered statistically significant. Correlation analyses were performed using standard least-squares linear regression techniques for single variables and forward stepwise regression for multiple variables. Chi-square tests were used for comparing differences between categorical variables. Receiver-operating characteristics curves (ROC) were conducted when appropriate.
Results
The demographic characteristics and laboratory findings of the women with CS and the controls are shown in Tables 1 and 2 respectively. The mean age and BMI were similar in women with CS and the controls. Although fasting insulin was similar, fasting blood glucose (P = 0.028) and HOMA scores (P = 0.046) were higher in women with CS compared with the control group. Additionally, 20 (66%) patients with CS and 12 (40%) control subjects had impaired glucose metabolism. Of those with impaired glucose metabolism, 8 (40%) CS patients and 6 (50%) controls had OSA. Subjects with AHI scores greater than 15 (1 CS and 2 controls) had impaired glucose metabolism. Ten (33.3%) CS patients and eight (26.6%) control subjects had hypertension. Regarding comorbidities, although the number of patients with hypertension was similar (P = 0.570) between groups, the number of patients with impaired glucose metabolism was higher (P = 0.038) in patients with CS compared with controls. Furthermore, although 15 patients with CS and 13 controls were postmenopausal, there were no differences in terms of menopausal stages between the groups. Of the 30 patients with CS, 24 had ACTH-secreting pituitary adenomas and 6 had cortisol-secreting adrenal adenomas.
Comparisons of groups according to the frequency and severity of OSA are shown in Fig. 1 and Table 3 . Based on the PSG findings, in women with CS, the mean AHI score was higher than the control subjects (P = 0.005). OSA was more common and more symptomatic in women with CS compared with the control group (50% vs 23%, P = 0.003). Although the majority of the study population was diagnosed with mild OSA (14 patients with CS and 7 controls), only one patient with CS and 2 control subjects had moderate OSA. None of the participants had severe apnea. There was a statistically significant positive correlation between AHI index and serum cortisol levels in patients with CS (r = 0.886, P < 0.001). The sleep apnea index was also positively correlated with the HOMA score (r = 0.281, P = 0.046) in both groups. We found that serum cortisol levels were a significant independent predictor of sleep apnea index even after controlling for BMI and HOMA scores with an adjusted R 2 = 77.8% (P < 0.001).
Discussion
In this study, the women with CS had a higher mean AHI, and the frequency of OSA was double that of the control women of similar age and BMI. Fasting serum cortisol was an independent predictor for AHI in patients with CS. Insulin resistance was also higher in patients with CS than the controls. In addition, AHI was positively correlated with HOMA scores. The prevalence of OSA is 2-5% for adult women in the general population. However, the disease prevalence 
Figure 1
The apnea-hypopnea index (AHI) was higher in women with Cushing's syndrome compared with the control subjects (5 vs 1.35, P = 0.005). To minimize confounding factors, the study population consisted of female subjects with similar ages and BMIs. Even though OSA is generally less prevalent in women than men, the differences are diminished after the onset of menopause. This may be the result of declining estrogen and progesterone levels (14, 15) . Accordingly, our study groups were similar in terms of premenopausal and postmenopausal stages. Few studies have investigated the relationships between OSA and CS. In 1992, Shipley et al. evaluated 22 patients with CS by PSG and reported that 7 (32%) patients had OSA. Of these, four patients (18%) had severe sleep apnea (16) . Our results confirm the high prevalence of OSA (50%) in patients with active CS.
Cross-sectional surveys show that central obesity is the strongest risk factor for OSA (17, 18) . In fact, severe OSA is present in approximately 40% of obese individuals and about 70% of OSA patients are obese (19) . The absence of severe apnea in the participants could be explained by the low sample size, female sex, younger age and low BMI of this study group. Although the study groups were similar in terms of BMI, the higher frequency of OSA in the CS group must be explained by additional mechanisms. As CS patients may present with severe metabolic syndrome, it may be difficult to establish the exact role of hypercortisolism, obesity and diabetes in the onset of OSA.
In accordance with our findings, Bhushan et al. found that the AHI was positively and significantly correlated with blood glucose and HOMA scores, whereas the OSA severity was associated with increased fasting blood glucose levels and HOMA scores even after controlling for age and BMI in adolescents (20) . Overall, the current evidence from cross-sectional studies strongly supports an independent association between OSA and both insulin resistance and glucose intolerance (21) . Studies suggest that up to 40% of patients with OSA will have diabetes (22, 23) . Likewise, in patients who are known to have diabetes, the prevalence of OSA may be as high as 23% (24) .
CS is characterized by visceral adiposity, insulin resistance and hyperinsulinaemia (8) . Glucose intolerance is seen in 20-30% of patients, and overt diabetes mellitus in 30-40% of patients with CS (25, 26) . Based on fasting glucose levels, 20 (66%) patients with CS, 12 (40%) control subjects and all subjects with AHI scores greater than 15 had impaired glucose metabolism. Undoubtedly, performing oral glucose tolerance tests would increase the percentage of patients with impaired glucose metabolism and disclose patients with impaired glucose tolerance and overt diabetes mellitus more precisely.
Adiposity, particularly visceral adiposity, could still be a major confounder in these associations (21) . However, recent studies have shown that the relationship between type 2 diabetes and OSA is likely to be at least partially independent of adiposity (6, 21, 27) . Apart from obesity, both sleep disruption and intermittent hypoxia can each decrease insulin sensitivity and worsen glucose tolerance by different mechanisms including sympathetic activation, hypothalamic-pituitary-adrenal axis alteration, activation of inflammatory pathways, changes in adipokine profiles and oxidative stress (21, 27, 28) .
Several factors (anatomical, functional and hormonal) may contribute to the pathophysiology of OSA in CS. Although the mechanisms of OSA in CS have never been investigated, several mechanisms can be proposed to explain how hypercortisolism causes OSA. Hypercortisolism causes an increase in HOMA scores and decreases insulin sensitivity in patients with CS, regardless of their BMI (29) . In this study, we found that cortisol levels were strongly associated with AHI even after controlling for HOMA scores. This finding clearly supports the role of hypercortisolism in the pathogenesis of OSA.
There is a centripetal pattern weight gain due to adipose tissue accumulation in CS (30) . It has been suggested that adipose tissue accumulation in the subcutaneous tissue of the neck, including the parapharyngeal spaces, can lead to the development of OSA in CS subjects (31) . The accumulation of fat in the neck region produces a narrowing of the pharyngeal airway, thereby diminishing the passage of air (32) . Greater neck circumferences are associated with both OSA and metabolic syndrome (33) . Muscle weakness, which is a characteristic finding in CS, with a consequential decreased activity of the geniohyoid and genioglossus muscles, may also be responsible (34) . These alterations in the upper airway could play a relevant role in OSA development, even though the pathogenesis has not been clearly specified.
Acromegaly and hypothyroidism are other endocrine and metabolic conditions associated with OSA. OSA may be improved or cured by treatment of these endocrine disorders in which OSA is mainly related to upper airway narrowing due to a reversible thickening of the pharyngeal walls (4) . It would also be noteworthy to assess whether OSA is improved by the treatment of CS.
Patients with endogenous CS are at an increased risk of death from cardiovascular disease, including myocardial infarction, stroke and thromboembolism. In addition, cardiovascular problems, including hypertension and dyslipidemia, obesity and diabetes mellitus, and psychiatric problems including emotional lability, depression and irritability increase mortality and morbidity rates and decrease the quality of life in patients with CS (30, 35) . There is also poorer sleep continuity, shortened rapid eye movement (REM) latency and increased first REM period density in patients with CS compared with control subjects. Therefore, the presence of sleep apnea may contribute to cognitive dysfunction in patients with CS (36) . Moreover, the finding of high frequency of OSA in patients with CS should be considered a risk factor for the increased mortality and morbidity and decreased quality of life. OSA has not been recognized as a typical comorbidity of CS even in the recent literature (7) . It can also be a contributory factor for the other comorbid conditions of the CS. This study will also shed light on these obscure issues.
Conclusion
The prevalence of OSA is higher in patients with CS compared with control subjects of a similar age, gender and BMI. Hypercortisolemia is an independent risk factor for developing OSA. The relative importance of fat distribution and myopathy, which are exclusive findings in CS patients, should also be investigated. In any case, the occurrence of OSA should always be considered in CS.
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